The Case for a Master's Degree for Civil Engineering Licensure Abstract
For nearly fifty years, different organizations and authors engaged in engineering practice and education have grappled with the adequacy of the baccalaureate degree as preparation for a career in engineering, especially licensed professional practice. Technological advances and expanding societal needs demand that coursework cover more content, while the credit hours required to obtain a bachelor's degree continue to decline. Up until the early 1960's the average engineering curriculum required 145-150 credit hours of coursework. Many programs today have curricula approaching 120 credit hours for a baccalaureate degree.
As far back as 1968, the American Society for Engineering Education (ASEE) authored Goals of Engineering Education 1 , funded by the National Science Foundation (NSF). The report concluded:
"The increasing complexity of the technological needs of the future… [require] the extension of the basic engineering education to include at least one year of graduate level study."
In 2004, the National Academy of Engineering (NAE) weighed in on the subject. 6 . If we assume that the average over the last 40 years was 60,000 graduates per year and that these individuals are still in the workforce that would equate to 2,400,000 engineers, which means that PEs represent only 20 percent of all engineering graduates. While many of the arguments in this paper can apply to all engineering practice, this is important as the obligations of Professional Engineers are regulated and unique.
A focus on civil engineering practice
This paper further focuses on the minimum educational requirements for professional practice of civil engineering. The authors believe the conclusions reasonably apply to all disciplines, but are most compelling when considering civil engineering practice, where the greatest amount of research on the need for graduate-level engineering education has been performed. To that end, a comparison of the content and character of baccalaureate education for civil, mechanical and electrical engineering -the three primary areas of professional practice -follows.
NCEES offers licensure exams in seven different areas of civil engineering practice: Construction, Geotechnical, Civil/Structural, Transportation, and Water Resources, as well as Structural and Environmental engineering. At the baccalaureate level, civil engineering curricula typically include at least an introduction to each of these areas of practice, as they are interrelated and basic knowledge of one area is generally needed to master another. The broad baccalaureate program provides the basis for specializing in one of these areas of practice when pursuing an advanced degree. The Accreditation Board for Engineering and Technology (ABET) requires "proficiency" in at least three of these areas of practice for accreditation.
NCEES offers licensure exams in only three areas of practice in mechanical and electrical engineering. Mechanical has: HVAC & Refrigeration, Thermal & Fluid Systems, and Mechanical Systems & Materials. Electrical has: Power, Electrical & Electronics, and Computer Engineering. Similar to civil engineering, baccalaureate curricula in mechanical and electrical engineering include introductions to each of these areas of practice, but the civil engineering curriculum is much broader in content.
Civil engineers also pursue licensure at a substantially higher rate than any other discipline. NCEES 7 reports that 62 percent of all PE exams taken in 2013-14 were in civil engineering areas of practice, as shown in Figure 1 . However, as estimated by ASEE 8 and shown in Figure 2 , civil engineers only represent 13 percent of all engineering graduates in 2013-14. This is significant, as a large majority of all civil engineering graduates pursue professional licensure, while NCEES data shows that percentages in the mid-teens are more common for mechanical and electrical engineering graduates. Civil engineering programs have consistently had a licensed practice focus, because that is where their graduates seek careers. Mechanical and electrical engineering programs have generally moved much more toward an industry focus as that is where the vast majority of their graduates seek careers. With these facts as a foundation, the paper considers the benefit of graduate-level education to the engineer, their employer and society at large. A recent Georgetown study reporting on median annual wages of college-educated workers (ages 25-59 in 2013 dollars) reported that the median annual wage for civil engineers with a bachelor's degree is $83,000, while the median wage for civil engineers with a graduate degree is $101,000, a 22 percent increase 9 . Table 1 provides data on the "earnings bump from a graduate degree" in a number of different engineering disciplines. The "earnings bump" ranges from 11-28 percent, depending on the engineering discipline. Assuming a master's degree in engineering will cost $30,000-$40,000 on average and a nonthesis master's degree can be earned in one year, it's likely that the return on the investment can be as little as 4-5 years in many fields, as higher salaries correlate directly to a higher terminal degree.
Follow the market
What the market tells us is the best indicator of the tangible benefits of graduate-level education for civil engineers. Consumers will pursue what they feel is beneficial. Overall, the number of master's degrees awarded annually in engineering has more than doubled in the last thirty years as shown in Figure 3 10 . The recent dip in degrees awarded can be attributed to the cyclical nature of engineering employment related to economic trends.
According to ASEE there were 14,226 bachelor's degrees and 6,447 master's degrees awarded in civil engineering in 2013-14 (including environmental and civil/environmental degrees -see Figure 4 ). This suggests that a significant percentage of these graduates go on to obtain an advanced engineering degree in civil or environmental engineering during their career, but these figures are also affected by international students. As the vast majority of civil engineers pursue licensure, it is logical to conclude that these individuals see the need, justification, and the value of a master's degree as they advance through their career as a PE. Figure 4 shows the breakdown of master's degrees awarded by discipline in 2013-14. Another trend is the gradual increase in the ratio of master's to bachelor's degrees for domestic students as shown in Figure 5 . The ratio has risen from 20 percent in the early 1980s to nearly 35 percent a number of times over the past two decades 11 . This isn't a failure at the baccalaureate level This is not an indictment of the civil engineering baccalaureate degree programs in engineering. Academics have done a remarkable job trying to fit an ever-expanding body of knowledge into traditional baccalaureate programs while program credit hours decline and there are justified demands to include more "soft skills training" within their already full programs. The civil engineering BOK concludes that the level of engineering knowledge needed by PEs to meet the ever-expanding and complex needs of our changing society cannot be taught solely within a four-year civil engineering program (see Appendix A). The breadth and depth of curricula needed simply doesn't fit! With the ever-expanding complexity of societal needs and the techniques needed to address them, it should be obvious that post-baccalaureate education is necessary for all licensed professional civil engineers. In engineering as in other professions, a baccalaureate education can provide an engineer with the rudimentary knowledge of mathematical, scientific and engineering principles to complete standard calculations and respond to basic engineering questions. However, professional engineers, like other professional licensees are expected to do much more.
Better solutions
With graduate-level education comes greater maturity and leadership in approaches. Individuals become problem definers, not just problem solvers, which is essential to the project team. It is critical to first truly understand the problem before developing alternatives and solutions. Too frequently project teams develop a marginal response to a problem, because they failed to first truly understand the problem and solved what is only a tangential issue.
Theoretical versus practice-based master's
Civil engineers aspiring to practice in the academic and research environment are well served by the traditional Master of Science degree in civil engineering (MSCE) with its rigorous thesis The development of high quality, practice-oriented engineering master's programs constitutes a major advance in engineering education. With these programs, an engineer can complete a master's degree while working full-time, in a two to four years, at costs comparable to a master's degree in residence at a university. Such programs are becoming more and more prevalent in civil engineering. Similar programs are less available in other engineering disciplines, but should expand as market forces call for them.
What about GPA requirements?
One frequent lament against increasing educational requirements for licensure is that many engineering graduates will not have a GPA upon graduation that will allow them entry into a master's program. This might be true for new graduates who want to immediately pursue graduate-level education, but a lower GPA would also suggest that they would be best served to gain some work experience before returning to school. With experience comes maturity and a better understanding of what they want to learn and why.
There are an increasing number of master's programs that look at these "less traditional" students favorably, as they consider their work experience along with their earlier academic performance and judge whether the student would succeed in their program or not. There are avenues for graduate-level education for those who didn't perform well enough to gain access immediately upon graduation.
It should also be pointed out that engineering graduates with a baccalaureate degree must attain a minimum of four years of progressive engineering experience after graduation (in most states), before they can sit for the licensure exam, so there is no need to immediately enter into a master's program upon graduation. Some engineers will want to have time to gain work experience and better understand where they want to focus when they pursue graduate-level education.
What does the market tell us?
Probably the best metric to determine whether a master's degree is important to today's engineering graduates is the number of engineers who pursue graduate degrees. As shown in Figures 3, 4 and 5, more than a third of all civil engineers and nearly half of environmental engineers pursue an advanced degree at some point in their career.
Engineers see the need for graduate-level education to gain the knowledge required to do what they want to do in their career, as well as the advancement and salary increases that come with a graduate degree. Engineers with graduate-level education are much more capable to practice in our ever more complex world. The 21 st century engineer is recognizing this at an ever-increasing rate. 
"The matter of a master's degree as the entry level for a Professional Engineer is long overdue. The body of knowledge has increased significantly over recent decades, while the required length of study to attain a bachelor's degree has decreased. Professional Engineers must decide between a profession (a specialty, a calling) and a commodity (merchandise, goods). Licensing in and of itself does not make for a professional. For example, trades are licensed. Not only is the additional education necessary to provide quality engineering but also to elevate the "profession" to a level comparable to other professionals."
In larger firms like Pennoni, many new hires, particularly in specialty fields, have master's degrees as they enter the firm. Some firms in specialty practices only hire master's candidates. Others embark on a master's program, supported by the company early in their career. In pursuit of the master's some focus heavily on graduate-level technical coursework, while others pursue a program with similar high-level engineering management offerings. Both prepare budding professionals with the requisite skills to serve the public -developing, advancing, and promoting sound engineering practice.
As employer size grows, along with project complexity, many diverse skills and talents are necessary to round out engineering teams. Not only are the skills technically diverse, but the team needs different levels of experience and credentials necessary to be well-rounded and efficient. The PE in responsible charge has management and leadership skills beyond strict technical capabilities. They manage both the overall project and lead others with specific technical expertise, and communicate with the various publics to explain, obtain input on, and "sell" an engineering idea.
Other team members offer the needed level of competence to effectively complete their assigned tasks. These staff include fellow PE's, graduate engineers, technicians and other support roles. There may also be PE "experts" in a given area of practice. They might have knowledge more advanced than the team leader, which allow them to identify more advanced solutions, but frequently these "experts", lack the management skills to be in responsible charge of the work by themselves. The project team leverages the strengths of each individual team member to complement each member's efforts into a comprehensive, technically sound, and efficient delivery of services.
Engineers with graduate-level education are typically granted more freedom to practice and are put in responsible charge quicker than those with lesser degrees as their education has provided a broader base of knowledge that can only otherwise be obtained through time on the job, gaining experience as they are gradually introduced to more complex work as their employer determines they are capable. Employers recognize the ability of their engineers with graduate-level degrees to perform at a "higher level", which is ultimately why salaries are higher for engineers with advanced degrees. If employers didn't see the value, they would not pay a premium
Employers will invest in graduate-level education
It is common for engineering firms of all sizes to offer some form of tuition reimbursement as an investment in select employees who want to pursue graduate-level education. In many cases, tuition costs are split with the employee so employees "have some skin in the game". There may also be a commitment by the employee to stay with the employer or reimburse them for employer costs if the employee leaves the firm before a set period of time. The employer gains a more educated and qualified employee who has pledged their loyalty to the firm, because of the investment that the employer made. The return on investment to the employer is obvious as they invest in the right individuals and empower them to use what they learned to deliver higher quality services.
Good managers and company leaders can quickly identify those individuals who warrant the investment. Management can assess their eagerness and willingness to pursue graduate-level education to fulfill their desire to understand and master an area of practice of civil engineering necessary to practice competently. Others might not rise to the same level, not willing to invest the time and energy (nor frankly be competent enough) to pursue graduate-level education. These individuals are not "out of luck". There are roles for graduate engineers who don't wish to pursue licensure in every firm. They don't advance to responsible charge of the work, but they can remain a key part of the project team.
Brad Aldrich, founding partner in a smaller firm (20-25 employees) for the past twenty years, has seen the difference in the abilities, initiative and competency of the firm's engineers based on their level of education. The firm accepts its obligation to provide new engineering graduates with the broad and detailed experience that they will need to competently practice as a professional engineer. These graduates are prepared for professional practice by exposing them to all the experiential outcomes needed to competently practice, but firms of most any size are neither prepared nor capable of identifying and fulfilling fundamental and specialized engineering education needs that might be lacking in their pathway to licensure.
Aldrich cites an example of one employee who had a rather untraditional and circuitous route through his baccalaureate education, completing his degree in six years. His GPA qualified him for graduation, but not graduate school. Upon graduation he joined the firm and exhibited growth in aptitude and attitude over the next ten years. He approached firm leaders to support his desire to pursue a master's degree while holding down a full-time job and supporting a family. Management jumped at the chance, quickly recognizing the return they would receive on the investment.
This individual was accepted into a highly regarded on-line and in-person master's program after admissions reviewed both his academic credentials, his work experience, and the maturity that he had demonstrated in his work that would correlate to successful completion of the program. They were not interested in simply filling seats with anyone who wanted to sign up. Just like employers, institutions of higher learning are motivated to succeed. He excelled in the program, is a much more competent engineer, and loyal to the firm, because the firm was loyal to him. He has become a key employee who is already assuming senior leadership roles. The investment was "a no-brainer" and the firm is reaping dividends for its investment.
Project team of the future
Traditional engineering practice has emphasized the need for every engineering graduate to gain the necessary experience and knowledge required to become licensed. The focus has been "get licensed or get out". As firms re-think what licensure means in an ever-more complex society, they will recognize that they don't need more PEs as much as they need better (more competent) PEs. It's also time for engineering firms to re-think how they deliver engineering services. They need to follow the lead of other comparable licensed professions who have evolved to best meet societal demands in the most efficient and effective way.
In medicine today, you typically see your physician for less and less time, while nurse practitioners, physician's assistants, and other medical professionals perform the basic investigative work to assess your health. The doctor is free to focus on the results of these tests, consider patient history, and draw conclusions about the patient's health needs, removed from the distraction of the more mundane activities that can be competently provided by technicians and other medical professionals with lesser qualifications. The patient receives a higher level of service and more comprehensive care as the licensed professional is freed to do what only they can do, while trained personnel support the professional's efforts. Dentistry and accountancy are evolving to a similar model, where the licensed professional can spend more time analyzing the data, identifying problems and the best solutions to address them, free from the tasks that can be competently performed by others.
Engineering needs to embrace a similar model. The PE in responsible charge should be free to better identify and define the problem, and guide the project team. They should be free to better understand and interpret the data, review the alternatives, select and develop the best one given all the facts before them. This will result in better problem identification and understanding, and better solutions. Other professions have demonstrated that this model is efficient, successful and serves society well.
PEs with graduate-level education will be more productive and efficient as they can focus on the problem and not be distracted by the simpler tasks needed to evaluate alternatives. They are able to monitor and support more project teams and address more problems (similar to other professions), because of this freedom. The quality of engineering improves and organizations see efficiencies and better solutions. This is clearly in the best interest of employers and consumers.
Does society as a whole benefit from higher educational standards?
Engineering is the creative and innovative application of mathematical, scientific and engineering principles to solve both practical and complex problems facing society. Theodore Van Karman said it best: "Scientists discover the world that exists; engineers create the world that never was."
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Professional engineers are charged with applying their knowledge to address societal needs that become more and more complex as sustainability, environmental, social and other global factors must now be taken much more into account. It becomes exponentially harder each passing year to know all the advances in any given area of practice necessary to meet these evolving societal demands. Advanced and specialized education provides the licensee with more specific comprehension and knowledge of an area of practice, that allows them to stay current and on pace to meet these ever-expanding demands. The professional engineer is better able to view the bigger picture and is better at identifying and understanding the problems they are facing as their knowledge and experience is substantially more attuned to the more complex principles that are required to provide innovative engineering solutions. Ultimately, this results in higher quality services (a rising standard of care) at more competitive fees as economies are realized with more expansive knowledge lending to more efficiency in the completion of the services.
As the old saying goes…"a rising tide floats all boats". Similarly, a rising educational standard benefits society. More competency leads to more creative and innovative engineering work. Society benefits in many ways, including more creative and economical solutions that better address new societal pressures such as sustainability, socio-economic impacts and other social and environmental considerations.
Society demands more of their licensed professionals
Since licensure was first adopted in Wyoming in 1907, states have relied upon the bachelor's degree in engineering as the minimum level of education for licensure as a professional engineer. In 2016, the bachelor's degree remains the traditional minimum education standard for licensure as a PE, while comparable licensed professions have recognized that society is best served by licensees that have specialized, post-baccalaureate education, as shown in Figure 3 17 . The medical, pharmacy, legal, architecture and accountancy fields all require post-baccalaureate education to obtain a license. Other professions such as physical therapy and occupational therapy are moving to the same standard. Even engineering technology, which traditionally was a two-year degree program covering basic engineering training to perform simple technical tasks in support of the project team has evolved to a four-year degree.
In most cases, it was society that demanded a higher standard. One recent example is accountancy. With the high profile failures of Enron, WorldCom, and other large corporations accused of fraudulently reporting economic performance to bolster their "bottom line" to stockholders, society demanded better of the certified public accountants (CPAs) who were charged with ensuring that financial reports were accurate and not misleading to investors. Fallout from these scandals prompted the fall of some of the largest accounting firms in the nation, for their failure to protect the public's interests.
In 1988, the American Institute of Certified Public Accountants (AICPA) adopted a proposal to require all new accountants after the year 2000 to have completed 150 semester credit hours of college education to sit for the CPA exam 18 . Since most baccalaureate programs in accountancy included approximately 120 semester credits for graduation, those seeking a CPA license (post 2000) would need to seek out an additional 30 semester credit hours before they could sit for the CPA exam. In the subsequent years, most but not all fifty states and territorial jurisdictions have adopted this standard. Over time upon adoption, the number of takers and pass rates for those taking the CPA exam have risen.
There are a lot of similar compelling arguments to require a master's degree or similar education for licensure as a professional engineer. Gone are the days when engineers can apply relatively basic mathematical, scientific and engineering principles to develop an engineering solution to one of society's problems. The complexity of societal needs and commensurate engineering knowledge and expertise needed to meet them expands at an exponential rate as each year passes and our understanding of our world grows. The PE's competency must increase at a similar rate, if they are to meet their duty to society.
A leader no longer
The U.S. was a world leader in implementing licensure of professional engineers for much of the first half of the 20 th century. From its initiation in 1907 through its established in all 50 states by 1947 19 , the U.S. licensure system was considered the "gold standard" internationally. Today there are European and South American countries that have longer engineering educational programs than the U.S. For example, an engineer in Ireland or Great Britain must earn a master's degree or equivalent after completing a bachelor's degree to obtain chartered status. Colombia and Peru have five year undergraduate programs. As more countries raise the bar on their educational standards, a U.S. PE license may no longer be readily accepted in other countries for purposes of responsible charge. The publication goes on to identify three critical outcomes where a master's is necessary to achieve competence:
 Ability to achieve synthesis in experiments;  Ability achieve analysis in problem recognition and solving; and  Ability to achieve comprehension, application, analysis, and synthesis in one's technical specialization. Reviewing the number of graduate degrees awarded in civil engineering from the report, 30 percent of all master's degrees and 59 percent of all doctoral degrees were awarded to foreign nationals in 2014.
Conclusions and Next Steps
The vision for the future of the civil engineer profession on a global scale is enunciated in the publication The Vision for Civil Engineering in 2025 22 , which imagines a future where "Led by civil engineers, the global engineering profession has implemented broad changes to the academic prerequisites to professional practice. Today, those seeking admission to the professional practice of engineering must demonstrate that they have fulfilled the appropriate body of knowledge through education and experience. Gaining acceptance of the body of knowledge concept has taken more than 20 years, but is now common practice throughout much of the world."
There are many compelling arguments to require post-baccalaureate education for licensure as a civil engineer. Not the least of which is:
 A demonstrated benefit to the engineer who attains it  A demonstrated benefit to the employer to hires them  A demonstrated benefit to society
The market tells us that graduate-level education is good for engineering. Engineers are pursuing graduate-level education at an ever-increasing rate. They recognize the benefit in their career advancement and their ability to delve into problems with a much better understanding of the principles needed to make informed and innovative decisions. The market also tells us that employers recognize the value as they are willing to pay engineers with graduate-level education higher wages commensurate to that education. Employers would not do this unless they saw the direct benefit to the organization.
Ultimately, society benefits as engineers have higher competency, which lends itself to a better problem identification and better understanding of all the factors that influence the problem at hand. Engineers do a better job of correctly identifying and understanding the problem and consequently do a better job applying innovation to identify an alternative that will result in an adequate solution. Lastly, every other comparable profession has recognized the need for graduate-level education and society has embraced it. Why should engineers think they are different?
The Raise the Bar Committee of the American Society of Civil Engineers and the authors continue to maintain a strong interest in developing a more quantifiable business case for advancing the educational requirements for licensure and plan to continue to research and publish on the topic. They encourage the Raise the Bar Committee to pursue data collection efforts that might further enhance the business case for raising the bar.
Note that the views and opinions expressed in this paper are the authors' and do not necessarily reflect ASCE or company policy.
